Background: In patients with hepatocellular carcinoma (HCC), the clinicopathologic and prognostic roles of tumor-infiltrating CD8+ T cells for survival are still controversial. A meta-analysis was performed to resolve this issue.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common primary malignancies of the liver, representing the third leading cause of global cancer deaths and the incidence is rising. [1] Current treatments include surgical resection, liver transplantation, transarterial chemoembolization, radiofrequency ablation, and Chinese medicinal therapy. [2] However, the outcome of HCC remains poor due to low radical resection rates and high recurrence rates. Besides early diagnosis, prompt treatment plans identified from the prediction of patients' outcomes also contribute to successful treatment of liver cancer. Therefore, further investigation is needed to discovery precise tumor biomarkers with higher sensitivity and specificity in HCC to determine the optimal treatment programs and predict the prognosis of HCC.
Tumor-infiltrating lymphocytes (TILs), including T cells, B cells, and natural killer (NK) cells, are one of the representative components of host antitumor immune responses. [3] Increased numbers of TILs, particularly activated cytotoxic T lymphocytes (CTLs), are reported to correlate with better survival in some malignant tumors including HCC. [4, 5] CD8+ TILs play an important role in host immune defense against tumor progression. Ramzan et al revealed that patients with high density of CD8+ T cell had better outcome, [6] but Chew et al reported the opposite results. [7] Therefore, whether CD8+ TILs have prognostic value in patients with HCC remains controversial.
Although a meta-analysis on prognosis has been conducted, they merely focused on intratumoral CD8+ TILs and the prognostic value of CD8+ TILs in peritumoral regions and tumor margin was ignored. [8] Moreover, whether CD8+ TILs are associated with clinicopathologic features in patients with HCC has not been analyzed systematically. For these reasons, we performed this meta-analysis to make a more precise estimation of the clinicopathologic and prognostic value of CD8+ TILs in patients with HCC.
Materials and methods

Literature search
Relevant articles were identified by 2 reviewers via an electronic search of PubMed, EMBASE, and Cochrane using the following keywords: (tumour or tumor or cancer or carcinoma), (hepatic or liver), (prognostic or prognosis or outcome or survival or clinicopathologic), and CD8. And the search time period of the electronic database was from inception to August 20, 2018 . Additionally, pertinent studies were searched in reference lists of selected reports and reviews. Unpublished literature was not performed to search. Disagreement on article inclusion between the 2 reviewers was resolved via a third reviewer. A third researcher would determine the final results about the disagreement of the 2 reviewers.
Inclusion and exclusion criteria
Inclusion criteria for this meta-analysis were as follows:
(1) studies researching the prognostic effect of TILs or associated TIL subsets in HCC; (2) report of TILs or associated TIL subsets in tumor surgical specimens; (3) hazard ratio (HR) and 95% confidence interval (CI) could be extracted; (4) when the same author or group reported results obtained from the same crowd in more than one paper, the most recent report or the most informative report was selected.
Exclusion criteria for this meta-analysis were as follows:
(1) letters, reviews, case reports, animal trials, abstracts, and expert opinion were excluded; (2) articles in which have no information on overall survival (OS) or disease-free survival (DFS); (3) patients who only treated with immunotherapy chemotherapy, radiotherapy, interventional therapy or liver transplantation; (4) non-primary tumor, such as metastatic tumor or recurrent tumor. Names of authors or journals of the articles were not considered in excluding or including the articles.
Statistical analysis
HR and its 95% CI were used to assess the association between TILs and prognosis of HCC. If a direct report of OS and DFS were not available, then extract the survival data from KaplanMeier curves by Engauge Digitizer version 4.1 as described previously. [9] The extraction was performed by 2 independent researchers to decrease error. STATA version 14.0 was performed to merge the results of studies. Statistical heterogeneity between trials was assessed by Chi-square test and was suggested significant when I 2 > 50% and/or P <.05. The fixed-effect model was used when no heterogeneity was detected among studies, while the random-effect model was preferred when variance existed. The cumulative analysis was performed according to publication time. Sensitivity analysis was conducted to assess the stability and reliability of this review. Egger test was performed to evaluate the publication bias. [10] 3. Results
Study selection and characteristics
A total of 1692 articles were initially gathered after duplicate removal. Among them, 27 studies reported the association between CD8+ TILs and clinicopathologic characteristics or prognosis of HCC. After further screening, 6 types of research were excluded (one studying the same crowd, 4 lacking enough useful data and one treating with immunotherapy). Finally, a total of 21 retrospective studies including 3509 patients from America, China, France, Germany, Japan, Netherlands and Singaporean were included in this meta-analysis (Fig. 1) . [6, 7, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] The main characteristics of included studies were displayed in Table 1 . The prognostic role of TILs in intratumor (IT), margin of tumor (MT), peritumor (PT) were evaluated in 21, 2 and 5 articles, respectively. Sample sizes of included studies ranged from 38 to 411 patients. The details of tumor stage were offered in 14 articles, and the classifications were diverse. Follow-up time was provided in 13 articles. CD8+ TILs were detected by methods of flow cytometry (FC), immunohistochemistry (IHC) and polymerase chain reaction (PCR), respectively. All 21 types of research were considered to be of adequate quality for the metaanalysis according to Newcastle-Ottawa Scale (NOS) assessment (score ≥5 points) ( Table 1) .
Prognostic effect of CD8+ TILs on survival
A total of 20 articles, including 3102 patients with HCC, researched the association between clinical outcome and the density of CD8+ TILs. [6, 7, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [26] [27] [28] [29] Eighteen articles focused on the relationship between OS and the density of CD8+ TILs in IT. [6, 7, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 24, [26] [27] [28] [29] 2 articles focused on the association between OS and the density of CD8+ TILs in MT. [19, 21] 5 articles focused on the association between OS and the density of CD8+ TILs in PT. [13, 14, 16, 19, 23] A random model was used because of a significant heterogeneity (P <.001, I 2 = 69.5%), and the result demonstrated patients with high infiltration of CD8+ TILs in IT had better OS (pooled HR = 0.676; 95% CI = 0.540-0.845; P = .001). The pooled analysis revealed that high density of infiltration of CD8+ TILs in MT was statistically significant associated with better OS (pooled HR = 0.577; 95% CI = 0.437-0.760; P <.001). But, there was no statistical significance between the density of CD8+ TILs in PT and OS (P = .531) (Fig. 2) .
Ten articles focused on the relationship between DFS and the density of CD8+ TILs in IT. [11, [13] [14] [15] [16] [17] 21, 22, 24, 26] Only one article focused on the association between DFS and the density of CD8+ TILs in MT. [21] Three articles focused on the association between DFS and the density of CD8+ TILs in PT. [13, 14, 16] The pooled analysis revealed that high density of infiltration of CD8+ TILs in IT was statistically significant associated with better OS (pooled HR = 0.712; 95% CI = 0.574-0.883; P = .002). There was no statistical significance between DFS and CD8+ TILs in PT (P = .160) (Fig. 3) .
Subgroup analyses of the prognostic effect of CD8+ TILs
Subgroup analysis showed that patients with high infiltration of CD8+ T lymphocytes had better OS in the groups with Asian patients (pooled HR = 0.669, 95% CI = 0.536-0.835; P <.001), large sample size (≥100; pooled HR = 0.668, 95% CI = 0.537-0.831; P <.001), median cutoff values (pooled HR = 0.701, 95% CI = 0.532-0.925; P = .012), and other cutoff values (pooled HR = 0.656, 95% CI = 0.443-0.971; P = .035). Moreover, patients with high infiltration of CD8+ T lymphocytes had better DFS in all subgroups, including ethnicity, sample size and cut-off value ( Table 2 ).
The cumulative meta-analysis indicated that the results of the association between intratumoral CD8+ lymphocytes and OS (Fig. 4A) and DFS (Fig. 4B ) got more and more stable and the CI got narrowed since the Sun's research in 2015. [21] It is convinced that CD8+ lymphocytes in IT were associated with better prognostic for HCC.
Relationship between CD8+ TILs and clinicopathologic characteristics
Five studies reported the association between CD8+ TILs and clinicopathologic parameters. A total of 11 features were analyzed, including HBsAg, Tumor size, TNM stage. The information for various clinicopathologic parameters and their correlation with CD8+ TILs is concluded in Table 3 . The results of meta-analysis demonstrated that patients with negative HBsAg (pooled OR = 1.67, 95% CI = 1.08-2.56; P = .02), large tumor size (pooled OR = 1.74, 95% CI = 1.28-2.38; P <.01), later TNM stage (pooled OR = 1.70, 95% CI = 1.21-2.40; P <.01) had low CD8+ TILs levels. Besides, the results of meta-analysis demonstrated no correlation between infiltration of CD8+ TILs (Table 3) .
Sensitivity analyses and publication bias
Sensitivity analyses showed that the association between CD8+ TILs and prognosis was robust (Fig. 5) . Egger test was performed to assess the publication bias of this meta-analysis. As shown in Figure 5 , there was no statistical significance of publication bias in the studies about CD8+ TILs in IT with OS (P = .653) (Fig. 6A ) or with DFS (P = .688) (Fig. 6B ).
Discussion
A high CD8+ TILs level was associated with better prognosis in both gastric cancer, breast cancer, and colorectal cancer. [30] [31] [32] In Table 1 Main characteristics of all studies included in the meta-analysis. CI = confidence interval, DFS = disease-free survival, FC = flow cytometry, HR = hazard ratio, IHC = immunohistochemistry, IT = intratumor, MT = margin of tumor, NOS = Newcastle-Ottawa Scale, NR = not report, OS = overall survival, PCR = polymerase chain reaction, PT = peritumor, SC = survival curve. 
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HCC, most researchers [7, 19, 21, 24, 27] approved that CD8+ TILs were protective factors, but a few researchers [6, 16] insisted that CD8+ TILs were dangerous factors. This study addressed the prognostic value of CD8+ TILs in HCC. We included a larger number of studies in this meta-analysis and drew the same conclusion that a higher CD8+ TILs level was associated with significantly higher OS and DFS in patients with HCC in IT or in MT. By subgroup analysis, we found that Asian patients with high infiltration of CD8+ T lymphocytes were associated with better OS than non-Asian patients, which was considered to be related to the epidemiological features that Hepatitis B remains the primary cause of HCC in Asia. However, there was controversy over whether high CD8+ lymphocytes level in other sites, such as peripheral blood and peritumoral regions has the same effect on prognosis. We found that CD8+ lymphocytes in peritumoral regions have no significant association with prognosis. Overall, a higher level of CD8+ lymphocytes in IT and MT might improve survival and reduce recurrence of HCC, and may be a promising therapeutic strategy for HCC.
Tumor-infiltrating CD8+ lymphocytes were believed to be front fighters against cancers and play a positive prognostic effect in some cancers. [33] Generally, most malignant cells express antigens that can be recognized by host CD8+ T-lymphocytes, which trigger antitumor immune responses. [34] Present researches considered that these tumor-associated antigens (TAA)-specific CD8+ T-cells responses positively influence survival in HCC. [35] The TAA-specific cytotoxic CD8 T-lymphocytes are the key factors in antitumor immune response. In early-stage colorectal cancer, the presence of activated CD8+ T cells both in IT and in PT has been shown to have significant positive prognostic import. [36] The mechanisms discussed above may lead to the association between CD8+ TILs and prognosis in HCC.
We also explored the relationship between clinicopathologic characteristics of HCC patients and CD8+ lymphocytes. Our study including some eligible studies showed that lower CD8+ TILs level was associated with some clinicopathologic parameters, such as negative HBsAg, large tumor size, and later TNM stage. This conclusion further supported the meta-analysis results [37] reported that the HBV DNA levels and HBsAg levels were associated with recurrence after curative resection in HBV-related HCC. It is contradictory with our result. Further researches were needed to prove the relationship between CD8+ lymphocytes in HCC and HBSAg. According to Chen's study, [16] lower CD8+ TILs level was associated with multiple tumors. However, our present metaanalysis demonstrated no association between CD8+ TILs and tumor number. As for AFP level, tumor grade, vascular invasion, and tumor encapsulation, more studies need to be included in the review.
There are several limitations which should be taken into consideration in interpreting the conclusions of this study. First, studies included used different cut-off values that could reduce the accuracy of CD8+ TILs in the process of estimating prognosis. Second, when several HRs could not be directly acquired in the original article, we obtained them by calculating the data extracted from the survival curves (SCs). Third, some data comes from univariate analysis, which may overestimate the effect sizes of some TIL subsets compared to multivariate analysis. Fourth, there are many reasons for potential heterogeneity. CD8 markers, follow-up time, and cut-off value were defined differently among studies. However, we tried to reduce the impact of heterogeneity through subgroup analyses. Fifth, the number of included studies reporting CD8+ TILs and clinicopathologic characteristics was relatively small. Finally, no prospective randomized trials are reported; therefore, future research should be directed at performing prospective randomized trials. Despite the limitations of our study, our meta-analysis is meaningful for demonstrating the correlation between CD8+ TILs and prognosis, especially CD8+ TILs in intratumoral regions. Besides, this is the first comprehensive analysis of the association between CD8+ TILs and clinicopathologic characteristics in HCC patients. And sensitivity analyses revealed that the results were robust.
Conclusions
In conclusion, our meta-analysis provides strong evidence that high density of CD8+ TILs in IT was associated with better OS and DFS especially for Asian patients, and CD8+ TILs would serve as an effective marker for evaluating the prognosis of patients with HCC. Patients with lower CD8+ TILs level tended to have large tumor size and later TNM stage. Nevertheless, further well designed clinical studies are needed to elucidate the exact relationship and the underlying mechanism and more non-Asian studies were needed to be enrolled to decrease heterogeneity. 
